ABSTRACT -Nitrogen (N) is one of the nutrients that have the most significant effect on corn grain productivity increase. In order to evaluate the effect of sources of N topdressing and doses in the grown corn culture, in a conventional till system, it was installed an experiment in the city of Urutaí, Goiás, in the 2012/13 crop, in clayey textured Red Latosol. The experimental design was a randomized complete block design with four replications, with the treatments arranged in a factorial 3 x 5, consisting of three sources (coated urea, urea and ammonium sulfate) and five doses (0, 60, 120, 180 and 240 kg ha -1 ) of N, topdressing, applied in the surface and in a single dose, when the corn plants were in V 4 stage. The hybrid used was the P3646H. We evaluated the following characters: stem diameter, plant height, height of ear insertion, leaf N, number of ears per plant, ear length, number of rows per ear, number of grains per row, 100 grains mass and grain productivity. All characters have a response to nitrogen fertilization and only the height of ear insertion showed no significant difference between sources. The source coated urea showed the best results, indicating that its use may be compensatory, especially in favorable conditions for the NH 3 volatilization, as the application of high doses of N in the surface.
INTRODUCTION
Among the factors that limit the productivity of corn grain, we can highlight the mishandling of fertilizers, especially nitrogen ones (MEIRA, 2006) . Nitrogen (N) is one of the nutrients that have the most significant effect on grain productivity increase (QUEIROZ et al., 2011) . In this sense, its disability limits the maximum expression of corn potential, so that the mishandling of nitrogen fertilizer can promote the reduction of crop productivitys because refers to the nutrient required in greater quantity by the culture.
In addition to its effect on productivity, N influences on various agronomic characteristics, which are related to the growth and development of plants. In the literature, there are reports on the N influence on plant height (ALBUQUERQUE et al., 2013.) , height of ear insertion and leaf N content (FARINELLI; LEMOS, 2010; VALDERRAMA et al., 2011) , production of dry matter (DUETE et al., 2008) , number of ears per plant (SORATTO et al., 2010) , ear length (KAPPES et al., 2009) , number of rows per ear (COSTA et al., 2012) , number of grains per ear (SOUZA et al., 2011) and grain mass increase (QUEIROZ et al., 2011) . Thus, N stands out as a nutrient able to define the components of corn grains production and productivity.
Facing the above results, in part, the studies vary the conditions of soil, climate and agricultural production systems. Thus, generalizations about the management of nitrogen fertilization do not fit here. According to Binotti et al. (2010) , the source and the dose of N are important aspects to be considered by farmers. Regarding the dose, corn has shown response to various amounts of N topdressing (VELOZO et al. 2006; MEIRA et al. 2009; QUEIROZ et al. 2011; FARINELLI; LEMOS 2012) , what has caused uncertainty about the N dose to be recommended to the farmer.
With respect to sources of nitrogen, these also influence the use of N by plants. According to Martins; Cazetta and Fukuda (2014) , most nitrogen fertilizer is water soluble and quickly converted into forms that can be lost by leaching or volatilization as occurs to urea. The losses are reduced when used ammonium sulfate.
A potential alternative is the use of controlled -release fertilizers, such as coated urea, which has been used to decrease losses and, thus, provide more N for plants (CAHILL et al. 2010) . Although these fertilizers are promising in agriculture, the results have been inconsistent. While Noellsch et al. (2009) , demonstrate advantages of using coated urea polymers in corn, others highlight the inefficiency compared with common urea (NELSON et al. 2009 , CAHILL et al. 2010 , CIVARDI et al. 2011 CAZETTA; FUKUDA, 2014) .
Facing the controversial results, and considering the complexity in the management of nitrogen fertilization, the use of controlled-release fertilizer can promote changes in the dynamics of N in the soil-plant-atmosphere system, as losses are minimized.
In this context, the objective of this study was to evaluate the effect of sources and doses of N topdressing nitrogen fertilizers corn cultures, grown in Cerrado conditions in conventional till system.
MATERIAL AND METHODS
The experiment was conducted in the field, in the municipality of Urutaí, Goiás, at the Experimental Farm of the Instituto Federal GoianoCampus Urutaí, whose geographical coordinates are 12° 27' 52" S and 48º 12' 13" W, with an altitude of 821 metres. According to the international climate classification of Köppen, the climate is Aw, defined as tropical with dry winter season, with an average annual temperature of 22,9ºC, annual average rainfall of 1,336 mm and relative humidity of 65.9% (INMET, 2013) . Figure 1 shows the average temperature and total rainfall of each month in the experiment period.
The soil of the experimental area is a distrophic Red Latosol, clayey textured, whose chemical characteristics in the layer from 0 to 0.2 m deep are: pH (CaCl 2 ) = 5,1; Ca +2 (cmol c dm -3 ) = 1,9; Mg +2 (cmol c dm . The area was planted with corn in the previous harvest to the beginning of the experiment.
The experimental design was a randomized complete block design with four replications, with the treatments arranged in a factorial 3 x 5, consisting of three sources (coated urea, urea and ammonium sulfate) and five doses (0, 60, 120, 180 and 240 kg ha -1 ) of N, topdressing, applied in the surface and in a single dose, when the corn plants were in V 4 stage.
The area was prepared in a conventional manner, since the soil was compacted found, precluding direct seeding. For this preparation, one subsoiling was performed, followed by a heavy disking in a depth of ± 0,25 m and two surface disking for harrowing the soil. Sowing was held on 11/20/2012 in furrows opened with a plow attached to a tractor. Fertilization was made in the sorrows with a manual form, providing 400 kg ha . Nitrogen topdressing was performed seven days after the application of herbicides in 12/12/2012, when the plants were at the growth stage V4 (four expanded leaves). The fertilizers were spread on the soil surface and at a distance of 0.1 m from the sorrows. At the moment of fertilization, the soil was damp and, only 24 hours later, there was a precipitation intensity of 20 mm. Although it is recommended to divide the topdressing in corn for doses above 120 kg ha -1 , all treatments were applied in single doses in order to simulate the reality of producers and evaluate the efficiency of fertilizer with inhibitor.
On the occasion of female flowering, they were collected, at the beginning of silking, the central third of three opposing leaves and below the first ear, in ten plants per plot, according to the Coelho et al. (2006) adapted methodology. After drying in a forced air circulation oven, at 60-70°C, the leaves were ground in a Wiley mill, and the N content determined by the method described in Malavolta et al. (1997) . In the field, the plant height and ear height were determined with the aid of a tape measure graduated in centimeters, measuring the distance between the ground surface and the insertion point of the last sheet, and also to the main ear insertion point, respectively. Stem diameter was measured at a height of 5 cm above the soil level with the aid of a digital caliper. These determinations were made in the same 10 plants evaluated at random within the floor area of each plot on stage R6 (physiological maturity).
Manual harvesting was carried out 151 days after sowing, on 04/19/2013. At the time the grains had an average of 15% moisture. The average number of ears per plant was determined by making a ratio of the number of corns harvested in the floor area and the number of plants of the floor area. The ears length was measured with a ruler graduated in centimeters in ten husked ears, which were randomly harvested in the floor area of experimental plots. The numbers of rows and grains per row were determined by counting the same ten husked ears.
The ears threshing was carried out using a manual thresher, then it was determined the 100 grains mass by the average of four samples. Grain productivity was determined by weighing all grains from the ten ears harvested and, subsequently, it was calculated the productivity in kg ha -1 . The results of both assessments were corrected for the grain 130 g kg -1 moisture, through a meter grain water content, portable, Gehaka model G800.
The experimental data were subjected to analysis of variance (ANOVA), and when detected significant effect of F test, the averages of sources of N (qualitative treatment) were compared by Tukey test at 5% probability. To analyze the effects of N doses (quantitative treatment), they were compared by regression analysis, at 5% probability, using the software ASSISTAT Version 7.7 beta.
RESULTS AND DISCUSSION
The interaction between the studied factors, sources of N and doses, was not significant to the variable, stem diameter (SD), ear insertion (EIH) and ears per plant (EP) in the corn culture (Table 1) . Because of that, we started to study the average effect of each factor. The corn plants had a SD increse of, approximately, 2% when the source used in fertilization was coated urea compared to the average of traditional sources, therefore, not different. The EIH was similar for all sources of N, while the average of coated urea and ammonium sulphate gave 1.7% more EP than the common urea. Table 1 . Average values of corn stem diameter (SD), plant height (PH), ear insertion height (EIH), leaf N content (LNC) and ears per plant (EP) due to different sources of N topdressing and doses.
Averages in the same column followed by the same letters do not differ by Tukey test at 5% probability (p≤0.05). The plants fertilized with coated urea showed higher values for SD, EIH and EP as already highlighted. Thus, it is inferred that this source provided higher N use by plants, because the losses were reduced. In contrast, in other studies (MEIRA et al. 2009; SORATTO et al. 2010; CIVARDI et al. 2011) , the authors found no differences between urea and sources of slow release, because the application of nitrogen was followed by a irrigation and/or occurred in the middle of a rainy season.
With respect to N doses, a linear effect was observed for SD, EI and EP. Thus, the maximum dose of 240 kg ha -1 N was insufficient to promote maximal expression of these characteristics ( Figure  2) . The plants fertilized with the 240 kg ha -1 N dose had superiority of 33, 13 and 23%, respectively, for SD, EP and EI, when compared to plants that received no nitrogen fertilization.
The excellent results obtained due to the increase of N topdressing doses confirm the importance of N on growth and development of plants. According to Soratto et al. (2010) , in corn culture, the N promotes increases in various agronomic characteristics, since the plants are nourished properly. As a result, the above authors found that SD and EP values were increased by N doses, while EIH was not affected. Costa et al. (2012) noted the absence of the effect of N topdressing doses in corn cultures in two consecutive harvests, using only urea as source.
These SD results are important from the standpoint of the accumulation of nutrients, which are subsequently moved to the ear. Thus, it is highlighted that, from the 120 kg ha -1 N dose, we observed thick stems, enabling the corn increased tolerance to breakage and/or plant toppling. Regarding EIH, although a charactheristic defined by genotype, in this study, there was a linear effect of N doses on EIH, corroborating the results of Duete et al. (2008) and Leal et al. (2013) . However, in the studies made by Soratto et al. (2010) For the EP, it was noticeable that this characteristic responded to nitrogen fertilization, however, worth pointing out that the second ear partly showed reduced lenght. According to Veloso et al. (2006) , the possibility of a secondary ear being deformed and/or grainless shows that the increase in prolificacy is not always direct increase in corn grain productivity. In this study, the plants that presented secondary ears did not presented them grainless, thus contributing to higher productivity. Albuquerque et al. (2013) highlighted the positive effect of nitrogen fertilization on the increase in the number of grains per hectare, conditioning to increased productivity.
The plant height (PH) and leaf N content (LNC) had interaction with the studied factors, doses and sources of N (Table 2 ). In HP, when analyzing the factors, the coated urea provided higher PH, whereas at doses of 120, 180 and 240 kg ha -1 N, the ammonium sulfate showed similar effect to the coated urea. Pointing out that when the plants were fertilized with coated urea and ammonium sulfate, there was a better use of N, with reflection in greater vegetative growth of plants. In other studies (SORATTO et al. 2010; CIVARDI et al. 2011; VALDERRAMA et al. 2011) , the sources of N did not influence the PH when it was applied the same N dose. Table 2 . Corn plant height and leaf N content due to different N topdressing sources and doses.
The averages followed by the same letter in the columns do not differ significantly from each other. It was applied the Tukey test at 5% probability. The LNC in leaves was different only at doses of 60 and 240 kg ha -1 N, with the coated urea resulted in higher levels. On the other hand, at doses of 120 and 180 kg ha -1 N, the sources did not show different effects (Table 2) . Thus, it was noted that the dose can influence the efficiency of the sources of N. Valderrama et al. (2011) found that the sources of N caused similar levels of N in the leaves varying the doses from 0 to 120 kg ha -1 of N and attributed the result, the inefficiency of the coating (polymer), due to the presence of moisture and high soil temperature. In the study by Martins; Cazetta and Fukuda (2014) , the LNC was not influenced by the sources of N. In contrast, Souza et al. (2011) found differences in N content, and the common urea provided smaller N content.
By analyzing the N doses, we found that the PH and LNC characteristics were described by the linear model, so the dose of 240 kg ha -1 N was insufficient to promote maximum expression of these characteristics (Figure 3) . It is noteworthy that the use of the 240 kg ha -1 N dose led the plants greater height of 38, 29 and 29% when used the coated urea, common urea and ammonium sulfate, respectively compared to plants that were not fertilized ( Figure  3a) . The increase in PH was also observed by Duete et al. (2008) , Soratto et al. (2010) in response to N topdressing. According to Albuquerque et al. (2011) , PH is a genetic trait influenced by the environment in which the plant develops, thus influenced by the availability of N. Plants fertilized with coated urea showed superiority of 38% LNC compared to plants that grown without fertilization, while the common urea and ammonium sulfate showed superiority of 29%, when made such comparison (Figure 3b ). However, in general, LNCs found in this study are below the range considered appropriate, ranging from 28 to 35 g dm -3 according to Malavolta (2006) . However, we highlight that only when used the source coated urea with the 240 kg ha -1 N dose, the LNC value was taken as appropriate. Soratto et al. (2010) , using various sources of N whose doses ranged from 0 to 120 kg ha -1 , observed adequate LNC, this result demonstrates the importance of considering the contribution of crop residues and mineralization of soil organic matter, in the management of nitrogen fertilization. The linear increase in the LNC was also observed in other studies (SORATTO et al. 2010; VALDERRAMA et al. 2011; COSTA et al. 2012) . Although leaf N appropriate levels are recommended to exploit the maximum potential of the production of corn, they not always obtain high productivity. Melo; Cora and Cardoso (2011) found that higher nitrogen topdressing doses provided an increase in the shoot N content, accompanied by a decrease in grain productivity and stressed that excess N caused a "luxury" consumption by the plant.
Regarding ear components, there was no interaction of the studied factors for ear length (EL), number of grains per row (NGR), number of rows per ear (NRE),100 grains mass (100M), we soon started study the average effects of each factor. Plants fertilized with coated urea presented larger EL, being larger by 1.3% compared to average of the plants fertilized with common urea and ammonium sulfate (Table 3) . Civardi et al. (2011) evaluated a single N dose and observed differences in ears size, higher than 6% when they used common urea, which they incorporated into the soil, compared with urea polymer applied superficially. (CU) (AS) (U) Table 3 . Average values of ear length (EL), grains per row (GR), rows per ear (RE), 100 grains mass(100M) and grain productivity (GP) due to different sources of N topdressing and doses.
Averages in the same column followed by the same letters do not differ by Tukey test at 5% probability (p≤0,05). The ears produced by the plants, wherein the source of nitrogen used was coated urea, had higher NGR by approximately 1% from the common urea and ammonium sulfate average. For the NRE, the sources coated urea and ammonium sulfate were 1% higher than common urea while for 100M, the coated urea demonstrated superiority of 2% compared to common urea, not differing from ammonium sulfate (Table 3 ). In the study by Meira et al. (2009) and Souza et al. (2011) , no differences were found for the NGR, NRE and 100M due to different soluble and slow-release sources of nitrogen. The lack of response is because soon after the application of N it was held irrigation, reducing the volatilization of N-NH 3 . Valderrama et al. (2011) found no differences in these ears components, in view of the presence of elevated moisture and temperature in the soil.
Regarding the N doses, EL, NGR, NRE and 100M set to the linear model. The 240 kg ha -1 N dose was not enough to promote maximum expression of these ear components (Figure 4) .The 100M showed superiority of 18% at the 240 kg ha -1 N dose compared to grain mass of plants that had not received the N topdressing (Figure 4d) . Costa et al. (2012) and Farinelli and Lemos (2012) found that the 100M showed linear behavior, unlike Soratto et al. (2010) , who obtained quadratic behavior, setting the 78.5 kg ha -1 N dose able to provide greater grain mass, while Valderrama et al. (2011) found no effect of N rates on the grain mass and claim that the responses of this component to nitrogen fertilization have been very variable.
Regarding grain productivity, the unfolding of the interaction between sources of N and doses indicates superiority of coated urea and ammonium sulfate to the common urea in all tested doses (Table  4 ). The average of the sources coated urea and ammonium sulfate, in different doses, 60, 120, 180 and 240 kg ha -1 was 2, 3, 4 and 5% respectively higher in comparison with the common urea. These results do not agree with those obtained by Meira et al. (2009) , as grain productivity did not vary between sources of N, in the case, Entec®, ammonium sulfate and urea. Similarly, Souza et al. (2011) and Valderrama et al. (2011) also found no differences in productivity between the soluble and slow release sources, which should be linked to the fact that corn, after topdressing, have been irrigated. Table 4 . Corn grain productivity (kg ha -1 ) due to different sources N topdressing and doses.
The averages followed by the same letter in the columns do not differ significantly from each other. It was applied the Tukey test at 5% probability.
Regarding the N topdressing doses, the grain productivity set up, again, a linear model ( Figure 5 ). The 240 kg ha -1 N dose promoted 61% increase in productivity compared with the plants that were not fertilized with N topdressing. In other studies (SORATTO et al. 2010; VALDERRAMA et al. 2011; COSTA et al. 2012) , similar linear responses in function to N doses were also found. On the other hand, Veloso et al. (2006) , Farinelli and Lemos (2010) and Melo; Cora and Cardoso (2011) , when evaluating N doses, obtained quadratic response in function of N doses, with estimated doses of 180, 92 and 120 kg ha -1 N, respectively.
It is noteworthy that in soils with adequate moisture and high temperature, hydrolysis of much part of the urea can occur in a short time. Pereira et al. (2009) , evaluating the volatilization of ammonia in the soil cultivated with corn, due to different sources of nitrogen, observed N-NH 3 peak loss until the second day after fertilization. As in the present study, the topdressing was made superficially, in a single dose, with the wet soil, causing a rain only 24 hours later, may probably have occurred volatilization of much of the N independent of the used sources. This observation is endorsed by the fact that it was not obtained the maximum expression of the corn productivity potential with the 240 kg ha -1 N dose.
CONCLUSIONS
The agronomic characteristics, stem diameter, plant height, leaf N content and ear per plant, and the ear components, length, number of grains per row, number of rows and 100 grains mass are lower when fertilized with the source urea.
The doses of N promote linear effect on all agronomic characteristics and ear components.
The sources coated urea and ammonium sulfate have similar agronomic efficiency on corn grain productivity.
The dose of 240 kg ha -1 N was not enough for maximum grain potential expression and confirms the high demand of N by corn.
